Results
Mortality is inversely related to LMI (p Ͻ 0.0001). Mortality was highest in the Low BF/Low LMI group (15%), which was significantly higher than in the other 3 groups, and lowest in the High BF/High LMI group (2.2%), which was significantly lower than in the other 3 groups. In Cox regression analysis as categoric variables, low LMI (hazard ratio [HR]: 3.1; 95% confidence interval [CI]: 1.3 to 7.1) and low BF (HR: 2.6; 95% CI: 1.1 to 6.4) predicted higher mortality, and as continuous variables, high BF (HR: 0.91; 95% CI: 0.85 to 0.97) and high LMI (HR: 0.81; 95% CI: 0.65 to 1.00) predicted lower mortality.
Conclusions
In patients with stable CHD, both LMI and BF predict mortality, with mortality particularly high in those with Low LMI/Low BF and lowest in those with High LMI/High BF. Determination of optimal body composition in primary and secondary CHD prevention is needed. Although obesity is considered a risk factor for most cardiovascular (CV) diseases, including coronary heart disease (CHD) (1, 2) , many studies of cohorts with established CV diseases, including heart failure, hypertension, atrial fibrillation, and CHD, have demonstrated an inverse relationship between obesity, generally determined by body mass index (BMI), and subsequent prognosis, which has been termed the "obesity paradox" (1) (2) (3) (4) . Although BMI is the most frequently used method to assess overweightness and obesity, this method has been criticized because BMI does not always reflect true body fatness (1) (2) (3) (4) , which may be better evaluated by assessments of body fat (BF) and fat-free mass (FFM). However, limited data are available on the impact of FFM and BF on the prognosis in patients with established CHD. Therefore, we assessed the impact of both BF and lean mass index (LMI) on 3-year mortality in a cohort with stable CHD.
Methods
We reviewed 570 consecutive patients with stable CHD who were referred to cardiac rehabilitation between January 1, 2000, and July 31, 2005, by dividing patients into Low (Յ25% in men and Յ35% in women) and High BF (Ͼ25% in men and Ͼ35% in women) groups, as previously described (2, (5) (6) (7) . Patients also were divided according to LMI into 3 groups on the basis of previously defined 25th to 75th percentiles for analysis of LMI (8) (9) , to be combined with the BF subgroups. Thus, 4 groups were analyzed: Low BF/Low LMI (n ϭ 62), High BF/Low LMI (n ϭ 53), Low BF/High LMI (n ϭ 179), and High BF/High LMI (n ϭ 276). Baseline assessment. Baseline laboratory parameters, including BF by the sum of the skin-fold method, was performed as described previously (2, 5) . LMI was determined by (1-BF) ϫ BMI kg/m 2 , as previously described (8, 9) . We then divided actual body weight minus ideal body weight proportionally to %BF and used mean LMI for that gender to establish excess lean mass and excess fat mass. The prevalence of hypertension, current smoking, diabetes, and chronic obstructive pulmonary disease (COPD) was also assessed. Patients were followed for an average of 3 years (mean 1,266 Ϯ 527 days, median 1,356 days, range 231 to 2,149 days) to determine all-cause mortality assessed by the National Death Index. Statistical analysis. SAS version 9.0 (SAS Institute Inc., Cary, North Carolina) computer software was used for statistical analysis. Mean Ϯ SD or proportions for baseline characteristics were reported, and the 3 LMI groups and the 4 BF/LMI groups were compared with analysis of variance and chi-square analysis. Kaplan-Meier survival curves were constructed to assess survival in the LMI subgroups and by both High/Low BF and High/Low LMI. Cox regression analysis was performed to predict mortality using age, gender, ejection fraction (EF), peak oxygen consumption (VO 2 ), BF, and LMI, with BF and LMI introduced as categoric (low vs. high) and continuous variables. Because of the possibility of overfitting, we also performed the Cox regression without age and gender. This analysis also was performed with 27 patients classified as having COPD, as well as with COPD as a categoric variable in the multivariate analysis. Logistic regression analysis was performed, but the main results were reported using Cox regression because patients had variable follow-up durations. Pearson's correlation was used to correlate BF with LMI and traditional risk factors. Kappa statistic was used to determine the agreement between the LMI and BF groups.
Results
The baseline characteristics of the study population are described in Table 1 . During follow-up, 26 patients died; survivors had significantly higher values for BMI, BF, LMI, left ventricular EF, and peak VO 2 , and borderline higher levels of systolic blood pressure than those who died.
The baseline characteristics of the 3 distinct LMI groups are described in Table 2 , with the groups demonstrating significant differences in BMI, % BF, age, high-density lipoprotein (HDL) cholesterol, triglycerides, and gender. The baseline characteristics of the 4 distinct body composition groups based on both BF and LMI are shown in Values are mean Ϯ SD or % (n/N). BF ϭ body fat; BMI ϭ body mass index; BP ϭ blood pressure; EF ϭ ejection fraction; HDL ϭ high-density lipoprotein; LDL ϭ low-density lipoprotein; LMI ϭ lean mass index.
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Lean Mass and Coronary Mortality pants in the High BF/High LMI group were considered overweight (39.5%) or obese (60.5%) by BMI criteria, with an average BMI of 31.9 kg/m 2 for this group. In the Low BF/High LMI group, the majority of participants were overweight (57.5%), followed by normal (31.3%) and obese (11.1%) by BMI criteria. The High BF/Low LMI group was approximately evenly divided between overweight participants (50.9%) and normal participants (43.4%), with a minority of obese participants (5.7%) by BMI criteria. LMI and BF were independent of each other (r ϭ Ϫ0.07; p ϭ 0.07). The BF and LMI groups correlated weakly (r ϭ 0. As shown in Figure 2 , mortality was highest in the Low BF/Low LMI group (15% [9 of 62]), which was significantly higher than in the other 3 groups (4.5% [8 of categoric variables were independent predictors of an approximately 3-fold higher mortality. Obesity paradox in CHD. Despite the powerful association of overweightness and obesity with CHD risk factors and CHD, numerous studies have reported that in those with established CHD, patients who are overweight and obese have a better clinical prognosis than their lean counterparts with similar CHD, a process that has been termed the "obesity paradox" (1-4) , which has been demonstrated in many CHD cohorts (1) (2) (3) (4) (5) . Although most studies on the obesity paradox used BMI, we have demonstrated that BF also is inversely associated with mortality in patients with CHD (2,5), a fact that is confirmed in the present 
study, with low BF being an independent predictor of an approximately 3-fold higher mortality in patients with CHD. Of note, these data showed the powerful association of high BF with better survival despite the fact that higher BF was associated with a worse overall CHD risk profile. One limitation of previous studies assessing the obesity paradox is that FFM or LMI was not accounted for. In our study, we estimated LMI by determination of BF and defined LMI as the BMI that was not accounted for by fat. To our knowledge, this assessment has not been performed in the assessment of patients with CHD and the obesity paradox. We found that unlike BF, which was associated with an obesity paradox in that higher BF was associated with lower mortality, patients with CHD with higher LMI, as would be suggested from the epidemiologic studies, also had a better prognosis. In fact, the best prognosis was noted in those patients with High BF/High LMI, and the highest mortality was noted in those with Low BF/Low LMI. In the multivariate analysis, low LMI as a categoric variable was an independent predictor of a more than 3-fold higher mortality, whereas as a continuous variable, higher LMI was at least strongly associated with better survival. As discussed earlier for BF, a higher LMI also was associated with a worse overall CHD risk profile, so a more favorable impact of LMI with CHD risk factors does not explain the protective effect of higher LMI in a CHD cohort.
As in most other analyses, our study is not able to control for nonpurposeful weight loss before study entry. However, in patients who are referred to cardiac rehabilitation programs, other medical problems are generally stable. Others have suggested that the obesity paradox may be modified by overall physical wellness or by unmeasured confounding factors (10) . High levels of fitness significantly alter the association of BMI and other parameters for obesity with subsequent mortality (11) (12) (13) . Our data were adjusted for fitness, and still BF and LMI were independent predictors of mortality. In addition, only 6 of 570 patients were "underweight" (BMI Ͻ18.5 kg/m 2 ), although these patients had 50% mortality; eliminating these patients did not significantly alter any of the major conclusions. Few of our patients were active smokers, and many studies of CHD cohorts have demonstrated that smoking cessation in CHD is associated with a favorable prognosis, nearly equal to never smokers within approximately 6 months of smoking cessation (14) . In a large meta-analysis of 900,000 subjects, Whitlock et al. (15) observed an inverse relationship of BMI with mortality at a BMI of 22.5 kg/m 2 , attributed to respiratory disease, but this was not an independent predictor of mortality in our multivariate analysis. In addition, including COPD in our multivariable model did not change the influence of BF on mortality risk, although it weakened the relationship of LMI. Even in patients with peripheral arterial disease, in whom smoking and COPD are prevalent and strongly associated with this disease, COPD did not completely explain the obesity paradox (14, 16) . A recent study of more than 50,000 patients with ST-segment elevation myocardial infarction showed that the highest in-hospital mortality was in the "normal" BMI group, followed closely by the class 3 obese or severely obese patients. However, after correcting for baseline factors, mortality was increased only in the severely obese group, suggesting that confounding factors explained the higher mortality in the lower BMI groups (17, 18) . Nevertheless, this study assessed only in-hospital mortality, and so far confounders have not totally explained the obesity paradox (17) (18) (19) .
It is interesting to speculate that although high BF may be a risk factor for CV diseases and CHD, by some mechanism this may be protective in cohorts with known disease. For example, before a CV event, positive caloric balance leading to adiposity may result in pathogenic adipose (5, 20) . Another interesting possibility is that higher BF and especially higher LMI may be associated with muscular strength, which is associated with better prognosis (21, 22) and survival in several populations, even independently of aerobic fitness. Study limitations. This is a relatively small, retrospective study of a select cohort, and the follow-up was relatively short. We assessed BF by the sum of the skin-fold method, which has potential limitations. We calculated LMI on the basis of the assessment of BF; the cut-points used for LMI have been validated (8,9), but not using the skin-fold assessment; also, because we estimated subcutaneous BF, visceral BF may be included in our LMI. Although we measured body composition, we did not measure BF and lean mass distribution; 2 recent studies (both including Mayo Clinic data) demonstrated that central obesity was associated with mortality in CHD (12, 23) , whereas a study in heart failure indicated that central obesity was associated with better survival (24, 25) . Although we corrected for COPD, our study did not use assessment of pulmonary function. In addition, we assessed total mortality (which may be the most important and reliable end point), but we did not assess other CHD morbidity. Finally, because our study was small and several variables were used in the Cox regression analysis, a potential limitation is that overfitted models may capitalize on the idiosyncrasies of the sample at hand. However, even when limiting the variables studied in the Cox regression analysis, both LMI and BF as categoric variables and BF as a continuous variable remained significant predictors of mortality, whereas LMI as a continuous variable became a borderline significant predictor.
Conclusions
Despite the recognized study limitations, our findings indicate that both high LMI and high BF are independent predictors of better survival in those with stable CHD, with mortality especially high in the Low BF/Low LMI group and lowest in the High BF/High LMI group. Prospective studies are needed to validate our findings and to determine the optimal body composition in both primary and secondary CHD prevention.
